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Abstract
Background: Kinesin family member 4A (KIF4A) is upregulated in a variety of 
cancers. However, its expression and potential downstream targets in urothelial 
bladder carcinoma (UBC) remain unclear.
Methods: Expression data of KIF4A in UBC and noncancerous tissues were 
downloaded from the GEPIA database. Cell proliferation, migration, invasion, 
and apoptosis of T24 and 5637 UBC cells were examined using wound healing, 
transwell, colony formation, CCK- 8, and flow cytometry assays. KIF4A and po-
tential downstream genes were analyzed using qRT- PCR, western blot analysis, 
and immunohistochemistry.
Results: In UBC samples, KIF4A expression was significantly higher than in cor-
responding noncancerous samples. UBC patients with high KIF4A expression 
had poor cancer- specific survival and overall survival. Knockdown of KIF4A 
significantly inhibited proliferation and promoted apoptosis of UBC cells, ac-
companied by dephosphorylation of AKT and increased the protein level of 
proapoptotic factors. Additionally, knockdown of KIF4A reduced migration 
and invasion of UBC cells whereas overexpression of KIF4A exhibited opposite 
effects, along with altered protein level in epithelial- mesenchymal transition- 
related genes. Furthermore, overexpression of YAP1 promoted KIF4A expres-
sion whereas knockdown of YAP1 suppressed KIF4A expression in UBC cells. 
Alternatively, KIF4A knockdown reduced YAP1 nuclear protein level whereas 
KIF4A overexpression suppressed YAP1 phosphorylation and facilitated YAP1 
nuclear translocation.
Conclusions: KIF4A upregulation correlates with poor prognosis of UBC. 
Knockdown of KIF4A inhibits proliferation, migration, and invasion of UBC cells 

www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0001-6578-270X
mailto:
https://orcid.org/0000-0003-0299-3782
mailto:
http://creativecommons.org/licenses/by/4.0/
mailto:zhangzs137@163.com
mailto:chuanliang_xu@126.com


12582 |   ZHANG et al.

1  |  INTRODUCTION

Urothelial bladder carcinoma (UBC) is the most common 
neoplasm of the urinary system.1 Approximately 5%– 10% 
of UBC cases present metastases at the time of diagnosis. 
After radical cystectomy, about 50% of patients experience 
local or distant tumor relapse.2 Despite the development 
of therapeutic approaches, nearly 50%– 70% of cases re-
lapse within 5 years of recovery.3 Therefore, it is important 
to identify new therapeutic targets for UBC.

Kinesin family member 4A (KIF4A) is located on 
chromosome Xq13.1, encoding a protein containing 
1232 amino acids. KIF4A participates in multiple cellu-
lar processes, such as centrosome assembly and spindle 
formation in mitosis, chromosomal separation and con-
centration, as well as DNA damage repair.4 KIF4A dysreg-
ulation occurs in various tumors, including lung,5 liver,6 
breast,7 and bladder cancer.8 Yes1 associated transcrip-
tional regulator (YAP1) is an important component of the 
Hippo signaling pathway that is highly associated with 
cell growth. YAP1 induces KIF4A transcription by bind-
ing to the KIF4A promoter via TEA domain transcription 
factor 4 (TEAD4), contributing to the progression and 
poor prognosis of esophageal squamous cell carcinoma.9 
However, the role of KIF4A in UBC metastasis and the 
underlying mechanism of KIF4A dysregulation in UBC 
remain largely unknown.

Abnormal or incomplete mitosis may induce cell apop-
tosis. KIF4A silencing may lead to apoptosis by inducing 
spindle defects, dysfunction in prometaphase organiza-
tion, metaphase chromosomal misalignment, and chro-
mosomal mis- segregation.10 A recent study has shown 
that KIF4A silencing reduces p- AKT level in gastric can-
cer.11 Since AKT regulates cell proliferation and apoptosis 
by phosphorylating multiple downstream targets, such as 
P21, Bax, and Bcl- 2,12 we hypothesized that KIF4A might 
affect the apoptosis of UBC cells through AKT.

In this study, we investigated the expression of KIF4A 
in human UBC and the role of KIF4A in UBC cell pro-
liferation, migration, invasion, and apoptosis. To identify 
the potential mechanisms underlying the role of KIF4A 
in UBC development, we examined the alterations in the 
protein level of apoptosis and epithelial- mesenchymal 

transition (EMT)- related genes as well as the interaction 
between KIF4A and YAP1. Our results suggest that KIF4A 
contributes to UBC development and metastasis possibly 
through the activation of AKT and interaction with YAP1.

2  |  MATERIALS AND METHODS

2.1 | Specimens and data collection

KIF4A expression data of 404 UBC tumor samples and 
28 noncancerous tissue samples were acquired from the 
(GEPIA) Gene Expression Profiling Interactive Analysis 
database. A total of 26 UBC patients who underwent radi-
cal cystectomy between June 2013 and May 2021 at the 
department of urology at The First Affiliated Hospital 
of Naval Medical University (Shanghai, China) were re-
cruited to validate differential expression of KIF4A be-
tween bladder cancer and noncancerous tissue samples. 
RNA sequencing was used to validate the differential ex-
pression of KIF4A in 10 patients admitted between June 
2013 and May 2014 (Table S1), and western blot analysis 
was used to validate the differential expression in 16 pa-
tients admitted between May 2020 and May 2021 (Table 
S2). A total of 232 bladder cancer and adjacent noncan-
cerous specimens were obtained from our hospital for 
immunohistochemistry (IHC) analysis (Table 1). A tissue 
microarray was prepared. The specimens were collected 
during transurethral resection of bladder tumors or radi-
cal cystectomy from 1998 to 2018, including 148 muscle- 
invasive bladder cancer, 84 non- muscle- invasive bladder 
cancer, 185 high- grade bladder cancer, and 47 low- grade 
bladder cancer.

2.2 | Cell lines and cell culture

UBC cell lines were obtained from American Type Culture 
Collection (Manassas) and cultured in DMEM (T24 and 
HT- 1376 cells), RPMI- 1640 (5637 cells), MEM (J82 and UM- 
UC- 3 cells), or L15 medium (BIU- 87 cells) supplemented 
with 10% of fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific) in an atmosphere of 5% CO2 at 37°C.

while inducing apoptosis possibly through dephosphorylation of AKT, changes 
in EMT- related genes, and interaction with YAP1.
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2.3 | Preparation of nuclear and 
cytoplasmic extract

Nuclear and cytoplasmic extracts were prepared using NE- 
PER™ nuclear and cytoplasmic extraction kit (Thermo 
Scientific). Pre- chilled 200 μL CER1 reagent was added to the 
cells, followed by vortex shaking at high speed for 15 s. After 
incubation on ice for 10 min, 11 μL of CERII reagent was 
added to the cells, vortexed for 5 s, then incubated on ice for 
1 min. After centrifuging at 16,000 rpm for 5 min, the super-
natant was transferred to a fresh pre- cooled centrifuge tube 
to store on ice or at −80°C for further experiments. 100 μL of 
pre- chilled NER was Add to the precipitate, resuspended with 
high speed vortex for 15 s, incubated on ice for 10 min, and vor-
texed again at high speed for 15 s. This process was repeated 
four times. The nucleoplasmic protein extract was obtained 
by centrifuging the solution at 16,000 rpm for 10 min and keep 
on ice or stored at −80°C for subsequent experiments.

2.4 | Quantitative reverse transcription 
PCR (qRT- PCR)

Total RNA was isolated from UBC cells using TRIzol rea-
gent (Invitrogen), followed by cDNA synthesis using an 

all- in- one RT super- mix perfect kit (Vazyme) according to 
the manufacturer's protocol. PCR was performed using a 
Taq Pro universal SYBR qPCR master mix (Vazyme) on 
Applied Biosystems step one plus (Agilent Technologies). 
Relative gene expression was determined using the 2−ΔΔCT 
method. The primer sequences were as follows: KIF4A 5′- 
TGGTG TGG AAA CAA GCA GTGTG- 3′ (forward), 5′- GGA 
AT CCT GGG TCC GTTCA- 3′ (reverse); ITGB1, 5′- CCTAC 
TTC TGC ACG ATG TGATG- 3′ (forward), 5′- CCTTT GCT 
ACG GTT GGT TACATT- 3′ (reverse); GAPDH, 5′- ACCAC 
AGT CCA TGC CATCAC- 3′ (forward), 5′- TCCAC CAC CCT 
GTT GCTGTA- 3′ (reverse); β- actin, 5′- CATGT ACG TTG 
CTA TCC AGGC- 3′ (forward), 5′- CTCCT TAA TGT CAC GC 
A CGAT- 3′ (reverse).

2.5 | IHC

IHC was performed to detect KIF4A expression in the 
tissue microarray containing 232 UBC tumor tissue sam-
ples. The microarray was incubated with anti- KIF4A 
primary antibody (1:400; ab122227, Abcam) and stained 
using an IHC kit (BioGenex) following the manufactur-
er's protocol. The IHC scores of the cytoplasm and nuclei 
were calculated, respectively, as 0 × % non- stained + 1 × % 
weakly stained + 2 × % moderately stained + 3 × % strongly 
stained, ranging from 0 to 300.13 Patients were divided 
into high and low KIF4A expression groups according to 
the median (240) of the sum of cytoplasmic IHC score and 
nuclear IHC score.13

2.6 | Gene knockdown and 
overexpression

Small interference RNAs (siRNAs) against KIF4A or YAP1 
were purchased from GenePharma. The siRNA sequences 
were as follows: KIF4A: siRNA- 1: sense, 5′- CUGCA GAG 
CAA GAG AAU GATT- 3′, antisense, 5′- UCAUU CUC UUG 
CUC UGC AGUA- 3′; siRNA- 2: sense, 5′- CAGCA AAG 
AAG GAU GCC AATT- 3′, antisense, 5′- UUGGC AUC CUU 
CUU UGC UGUC- 3′; siRNA- 3: sense, 5′- GCUGG UUG 
AGU UGA AUA AATT- 3′, antisense, 5′- UUUAU UCA ACU 
CAA CCA GCUC- 3′; nonspecific siRNA: sense, 5′- UUCUC 
CGA ACG UGU CAC GUTT- 3′, antisense, 5′- ACGUG ACA 
CGU UCG GAG AATT- 3′; YAP1 siRNA: sense, 5′- CAGGU 
GAU ACU AUC AAC CATT- 3′, antisense, 5′- UGGUU 
GAU AGU AUC ACC UGTT- 3′. Lentiviral vectors express-
ing KIF4A (#31640- 1) or YAP1 (#14517- 2) were pur-
chased from Genechem. UBC cells were transfected with  
siRNAs or lentiviral vectors using RNAiMAX or lipo-
fectamine (Invitrogen) following the manufacturer's 
instructions.

T A B L E  1  Association of KIF4A expression with 
clinicopathological characteristics of patients with urothelial 
bladder carcinoma.

Variables

KIF4A expression

Low 
(n = 126)

High 
(n = 106)

p- value 
(χ2 test)

Gender

Male 113 (54.07%) 96 (45.93%) 0.822

Female 13 (56.52%) 10 (43.48%)

Age, years

≤65 27 (57.45%) 20 (42.55%) 0.743

>65 99 (53.51%) 86 (46.49%)

Tumor size

<3 cm 48 (64.00%) 27 (36.00%) 0.048

≥3 cm 78 (49.68%) 79 (50.32%)

Tumor stage

<T2 61 (72.62%) 23 (27.38%) <0.001

T2– T4 65 (43.92%) 83 (56.08%)

Tumor grade

Low 32 (68.09%) 15 (31.91%) 0.048

High 94 (50.81%) 91 (49.19%)

Recurrence history

No 92 (57.86%) 67 (42.14%) 0.120

Yes 34 (46.58%) 39 (53.42%)
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2.7 | Western blot analysis

Protein concentration was measured using the BCA method. 
Equal amount of each protein sample was separated on SDS- 
PAGE and transferred onto PVDF membranes (Bio- Rad). 
The membranes were washed five times with TBST, 5 min 
each, followed by blocking with 5% skimmed milk in TBST 
for 1 h at 37°C. Then, the membranes were incubated with 
primary antibody against KIF4A (1:2500, ab124903), GAPDH 
(1:2500, ab9485), β- actin (1:50000, AC026, Abclonal), ITGB1 
(1:4000, 12,594- 1- AP, Proteintech), YAP1 (1:5000, ab52771), 
p- YAP (1:2000, S127, Cell Signaling Technology (Cell 
Signaling Technology)), AKT (1:2000, 2920, Cell Signaling 
Technology), p- AKT (Ser473 1:2000, 4060, Cell Signaling 
Technology), cleaved- caspase 3 (1:2000, 19,677- I- AP, 
Proteintech), Bax (1:5000, 50,599- 2- Ig, Proteintech), Bcl- 2 
(1:5000, 60,178- 1- Ig, Proteintech), PARP (1:2000, 46D11, Cell 
Signaling Technology), cleaved- PARP (1:1000, Asp214, Cell 
Signaling Technology), P21 (1:1000, GB11153, Servicebio), 
E- cadherin (1:1000, ab76055), N- cadherin (1:2000, GB12135, 
Servicebio), or vimentin (1:1000, GB11192, Servicebio) over-
night at 4°C. After TBST washes, the membranes were in-
cubated with HRP- conjugated anti- rabbit or anti- mouse 
secondary antibody (1:3000, Cell Signaling Technology) for 
2 h at 4°C. The protein bands were visualized using an en-
hanced chemiluminescence detection kit (Millipore) and 
analyzed using the ChemiDoc MP system (Bio- Rad). The 
relative levels of the proteins were quantified by normalizing 
the densitometry to controls using ImageJ 1.53.

2.8 | Cell counting kit- 8 (CCK- 8) assay

Cell proliferation was assessed using CCK- 8 (Dojindo) fol-
lowing the manufacturer's instructions. Cells were seeded 
in 96- well plates at a density of 3 × 103 cells/well. After 
treatment, cells were incubated with 20  μL CCK- 8 reagent 
for 3 h. The absorbance was measured at a wavelength of 
495 nm using an EnSpire microplate reader (PerkinElmer).

2.9 | Wound healing assay

UBC cells were seeded in 6- well plates. When the cells 
achieved 80% confluency, a scratch was made using a 200- 
μL pipette tip. Cells were then cultured in FBS- free medium. 
Images were acquired at 0, 24, 48, or 72  h after scratching.

2.10 | Transwell assay

Cell invasion was assessed using the Matrigel- coated transwell 
chamber (Millipore). Briefly, 4 × 104 cells were seeded in the 

upper chamber containing 500  μL FBS- free medium. A total of 
1  mL of complete medium was added into the lower chamber.

Cell migration was assessed using the transwell chamber 
(Corning). 3 × 104 cells were seeded in the upper chamber 
containing 500  μL FBS- free medium. A total of 1  mL of com-
plete medium was added into the lower chamber. T24 and 
5637 cells were allowed to invade and migrate for 18 and 48 h, 
respectively. Then, the cells remaining in the upper cham-
ber were removed using a cotton swab. Cells adhering to the 
lower surface were fixed with 4% formalin for 20 min and then 
stained with 0.1% crystal violet for 30 min. Images were ac-
quired in 10 randomly selected fields, and cells were counted.

2.11 | Colony formation assay

Cells were seeded in 3.5- cm plates at a density of 5 × 102 
cells/well. At 2 weeks after transfection, cells were fixed 
using 10% methanol, followed by staining with 0.1% crystal 
violet. Colony formation was analyzed using a microscope.

2.12 | Flow cytometry assay

Cells were harvested at 72 h after KIF4A or control siRNA 
transfection. Cell apoptosis was examined using an 
Annexin V/FITC and PI apoptosis kit (Lianke Biotech). 
The results were analyzed using a MACSQuant analyzer 
and FlowJo v10.8 software.

2.13 | Statistical analysis

Data were expressed as the mean ± standard error of the 
mean. Statistical analysis was carried out using Prism soft-
ware (version 8.4.3). Comparisons of measurement data 
between two groups were conducted using Student's t- test. 
The chi- squared test was performed to analyze quantita-
tive data and the association of clinicopathological param-
eters with KIF4A expression level. Overall survival (OS) 
and cancer- specific survival (CSS) were analyzed using 
Kaplan– Meier analysis and log- rank test. A p value < 0.05 
(two- sided) was considered statistically significant.

3  |  RESULTS

3.1 | KIF4A is upregulated in UBC and 
associated with poor prognosis of UBC 
patients

To explore the involvement of KIF4A in UBC, we com-
pared KIF4A mRNA expression between bladder cancer 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chemoluminescence
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tissue and normal bladder tissue from the GEPIA. We 
found that KIF4A mRNA expression was remarkably up-
regulated in bladder cancer tissue compared with that in 
normal bladder tissue (Figure  1A). This was confirmed 
in the samples of 10 UBC patients from our hospital 
(Figure  1B,C). Consistently, in 16 UBC patients at our 
hospital, KIF4A protein was generally highly expressed in 
tumor tissue but barely detectable in paired normal blad-
der tissue (Figure 1D,E). In addition, KIF4A protein was 
extensively expressed in UBC cell lines, including BIU87, 
5637, J82, UMUC3, HT1376, and T24, as well as in nor-
mal urothelial cells SVHUC. Specifically, KIF4A protein 
level in BIU87, T24, J82, and UMUC3 cells were markedly 
increased compared with that in SVHUC cells (p < 0.05; 
Figure  1F,G). Furthermore, IHC staining showed that 
KIF4A protein was expressed in both nuclear and cy-
toplasm of UBC cells (Figure  1H). Based on the mean 
IHC score, UBC patients were categorized into low (IHC 
score ≤ 240, n = 126) and high (IHC score > 240, n = 106) 
KIF4A expression groups. We found that high KIF4A 
expression was significantly associated with tumor size 
>3 cm (p = 0.048) and advanced tumor grade (p = 0.048) 
and tumor stage (p < 0.001) (Table S1). Survival analysis 
showed that high KIF4A expression was significantly 
correlated to poor CSS (p = 0.016) and OS (p = 0.009) 
(Figure  1I). These results suggest that KIF4A upregula-
tion is associated with disease severity and poor prognosis 
of patients with UBC.

3.2 | Knockdown of KIF4A inhibits 
proliferation while promoting apoptosis of 
UBC cells

To explore the role of KIF4A in UBC, we silenced KIF4A 
expression in 5637 (Figure 2A) and T24 (Figure 2B) cells, 
respectively, and found that siRNA- 2 exhibited the most 
significant knockdown efficiency among three siRNAs. 
Colony formation assay and CCK- 8 assay showed that 
knockdown of KIF4A considerably inhibited cell pro-
liferation of both cell lines (Figure  2C– F). Meanwhile, 
knockdown of KIF4A markedly enhanced cell apoptosis 
of both UBC cell lines (Figure 2G,H). Of note, siRNA- 2 
outperformed siRNA- 1 in promoting apoptosis of UBC 
cells. These data suggest that KIF4A is required for the 
survival of UBC cells.

3.3 | Knockdown of KIF4A deactivates 
AKT signaling in UBC cells

Because KIF4A silencing reduces p- AKT level in gastric 
cancer,11 we investigated the effect of KIF4A silencing 

on AKT activation and the protein level of downstream 
apoptosis- related genes in UBC cells. Western blot analy-
sis showed that knockdown of KIF4A substantially atten-
uated AKT phosphorylation in both UBC cell lines, with 
the total AKT protein level remaining unchanged. In the 
meantime, knockdown of KIF4A significantly enhanced 
the protein level of proapoptotic cleaved caspase 3, Bax, 
cleaved PARP, and p21 while suppressing protein level 
of cell proliferation- related Bcl- 2 and p- YAP1 in both cell 
lines (Figure 2I,J). Again, siRNA- 2 was superior to siRNA-
 1 in AKT dephosphorylation.

3.4 | KIF4A promotes cell migration and 
invasion of UBC cells

Then, we explored the role of KIF4A in UBC cell migration 
and invasion. Transwell and wound healing assays showed 
that KIF4A silencing markedly reduced cell invasion and 
migration of both T24 and 5637 cells (Figure  3A– D).  
On the contrary, KIF4A overexpression (Figure 3E) sub-
stantially promoted cell invasion and migration of 5637 
cells (Figure  3E– H). Time- dependent trends were ob-
served in the promoting effect of KIF4A overexpression 
on migration of 5637 cells (Figure 3H) and the inhibitory 
effect of KIF4A silencing on migration of both T24 and 
5637 cells (Figure 3I,J).

3.5 | Knockdown of KIF4A modulates 
EMT- related genes in UBC cells

Increased ability of migration and invasion are linked to 
EMT that is a key step in cancer metastasis.14 Thus, we 
sought to investigate whether KIF4A regulates the protein 
level of EMT- related genes. We found that knockdown 
of KIF4A significantly suppressed protein level of N- 
cadherin, vimentin, and integrin subunit beta 1 (ITGB1) 
while enhancing protein level of E- cadherin in UBC cells 
(Figure 4A,B). By contrast, overexpression of KIF4A sig-
nificantly boosted protein level of N- cadherin, vimentin, 
and ITGB1 while diminishing protein level of E- cadherin 
in UBC cells. In the meantime, overexpression of KIF4A 
dramatically increased AKT phosphorylation while re-
ducing YAP1 phosphorylation (Figure  4C). These data 
suggest that KIF4A can potentially facilitate UBC metas-
tasis by promoting EMT of UBC cells.

3.6 | KIF4A interacts with YAP1 in UBC

Considering the regulatory role of YAP1/TEAD4 in KIF4A 
transcription in esophageal squamous cell carcinoma and 
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the role of TEAD1 in chemoresistance of bladder can-
cer,9,15 we sought to investigate whether YAP1/TEAD1 is 
involved in KIF4A dysregulation in UBC. We found that 
overexpression of YAP1 resulted in a 2.14- fold increase 
in KIF4A protein level whereas knockdown of YAP1 or 
TEAD1 led to a < 50% reduction in KIF4A protein level 
in UBC cells (Figure 4D). These data suggest that YAP1/
TEAD1 are at least partially responsible for KIF4A up-
regulation in UBC. Cytoskeleton proteins can bind to 
phosphorylated YAP1 (p- YAP1), inducing its cytoplasmic 
translocation and degradation and subsequent inhibition 
of cell proliferation.16 Our immunofluorescence data dem-
onstrated that knockdown of KIF4A dramatically reduced 
YAP1 nuclear protein level in 5637 cells (Figure 4E), sug-
gesting an interaction between KIF4A and YAP1 in UBC. 
Furthermore, western blot analysis showed that overex-
pression of KIF4A significantly suppressed YAP1 phos-
phorylation in both cytoplasm and nucleus of 5637 cells 
and remarkably increased YAP1 protein level in the nu-
cleus. Opposite effects were observed in KIF4A- silenced 
cells (Figure 4F). These data suggest that YAP1 is involved 
in KIF4A upregulation in UBC and that KIF4A contrib-
utes to UBC cell proliferation possibly by promoting YAP1 
dephosphorylation and nuclear translocation.

4  |  DISCUSSION

This study explored KIF4A expression in human UBC and 
the role of KIF4A in UBC cell proliferation, migration, 
invasion, and apoptosis. We demonstrated that KIF4A 
protein was strongly expressed in human UBC tumor tis-
sue and UBC cell lines compared with that in noncancer-
ous tissue and normal urothelial cells, respectively. High 
KIF4A expression was significantly correlated with poor 
survival of patients with UBC. In vitro studies showed that 
knockdown of KIF4A hindered cell proliferation while 
promoting apoptosis of UBC cells. On the contrary, over-
expression of KIF4A facilitated UBC cell migration and 
invasion. At the molecular level, knockdown of KIF4A 

reduced AKT phosphorylation and modulated EMT- 
related proteins in UBC cells. Furthermore, KIF4A inter-
acted with YAP1 in UBC cells. Taken together, our study 
suggests that KIF4A may promote UBC growth and me-
tastasis, serving as a potential therapeutic target for UBC.

Apoptosis involves two major pathways, namely in-
trinsic and extrinsic pathway. Caspases- 3 is an important 
proapoptotic molecule and can cleave downstream targets 
such as PARP and P21.17 Bcl- 2 and Bax are the two factors 
that mediate the intrinsic apoptotic pathway. Bcl- 2 disas-
sociated from Bax triggers the intrinsic apoptosis by mod-
ulating mitochondrial function.18 In this study, KIF4A 
silencing suppressed Bcl- 2 protein level while enhancing 
Bax protein level in UBC cells, accompanied with eleva-
tions in cleaved caspase- 3, cleaved PARP, and P21 protein 
level. Similarly, Zhang et al. have reported that knockdown 
of KIF4A inhibits tumor progression and promotes che-
mosensitivity of lung cancer cells by inducing P21 expres-
sion.19 Jin et al. have observed diminished Bcl- 2 protein 
level and increased Bax and cleaved caspase3 protein level 
in KIF4A- silenced apoptotic ovarian cancer cells.20 Thus, 
targeting KIF4A is a promising therapeutic approach to 
cancer therapy by inducing apoptosis of tumor cells.

The transcription coactivator YAP1 is an important 
molecule in the Hippo pathway that regulates cell prolif-
eration. In esophageal squamous cell carcinoma, KIF4A 
inhibits YAP1 phosphorylation, leading to enhanced nu-
clear YAP1 protein level.21 Consistently, we found that 
overexpression of KIF4A suppressed YAP1 phosphory-
lation and promoted YAP1 nuclear translocation in 5637 
cells. In addition, YAP1 can modulate the transcription 
of anti- apoptotic genes, such as the Bcl- 2 family member 
Bcl- xL.22 We speculated that the Bcl- 2 downregulation in 
response to KIF4A silencing might be related to the reduc-
tion in YAP1 protein level. These observations suggest that 
KIF4A silencing promotes UBC cell apoptosis possibly by 
regulating the phosphorylation and cytoplasmic/nuclear 
translocation of YAP1.

AKT activation suppresses cytochrome c production 
through direct phosphorylation of Bax and subsequent 

F I G U R E  1  Kinesin family member 4A (KIF4A) was upregulated in urothelial bladder carcinoma (UBC) and associated with poor 
prognosis of UBC patients. (A) Comparison of KIF4A mRNA expression between bladder cancer samples (n = 404) and normal urothelium 
samples (n = 28) from the GEPIA (Gene Expression Profiling Interactive Analysis database). T, tumor; N, normal. (B,C) Comparison of 
KIF4A mRNA expression between bladder cancer samples and normal urothelial samples from 10 UBC patients by RNA sequencing. 
(D,E) Western blot analysis was conducted to determine KIF4A protein expression in 16 pairs of bladder cancer samples and noncancerous 
samples. T, tumor; N, noncancerous. GAPDH was used as an internal reference. (F,G) Western blot analysis was conducted to measure 
KIF4A protein expression in normal urothelial cell line SVHUC, non- muscle- invasive bladder cancer cell line BIU- 87, and five different 
muscle- invasive bladder cancer cell lines (5637, J82, UMUC3, HT1376, and T24). β- Actin was used as an internal reference. Data are 
expressed as the mean ± standard error of the mean (SEM). *p < 0.05, **p < 0.01, ***p < 0.001; n = 3. (H) Immunohistochemical staining was 
performed to determine KIF4A expression in human UBC samples and normal urothelial samples. Representative images are shown. UBC 
patients were categorized into low (IHC score ≤ 240, n = 126) and high (IHC score > 240, n = 106) KIF4A expression groups. (I) Survival 
analysis was conducted to examine the correlation of KIF4A expression with cancer- specific survival and overall survival of patients. CSS, 
cancer- specific survival; OS, overall survival.
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F I G U R E  2  Knockdown of KIF4A inhibited colony formation and proliferation while promoting apoptosis of UBC cells. (A,B) 5637 (A) 
and T24 (B) cells were transfected with siRNA- 1, siRNA- 2, or siRNA- 3 against KIF4A. Western blot analysis was conducted to measure KIF4A 
protein level in the cells. (C– F) 5637 (C,E) and T24 (D,F) cells were transfected with siRNA- 2 against KIF4A. Colony formation assay (C,D) and 
CCK- 8 assay (E,F) were performed to examine cell proliferation. (G,H) 5637 (G) and T24 (H) cells were transfected with siRNA- 1 or siRNA- 2 
against KIF4A. Flow cytometry analysis was carried out to examine cell apoptosis. (I,J) Western blot analysis was conducted to determine protein 
expression of p- AKT (Ser473), total AKT, Bcl- 2, Bax, cleaved- PARP, PARP, cleaved- caspase- 3, YAP1, p- YAP1, and P21 in 5637 (I) and T24 (J) cells. 
β- Actin was used as an internal reference. Data are expressed as the mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001 versus negative control; n = 3.

F I G U R E  3  KIF4A promoted UBC cell migration and invasion. (A– D) T24 (A,B) and 5637 (C,D) cells were transfected with siRNA- 1 or 
siRNA- 2 against KIF4A. Transwell assay and wound healing assay were performed to examine cell invasion and migration. Representative 
images are shown. Magnification × 100. (E) 5637 cells were transfected with lentiviral vectors expressing KIF4A. (F) Transwell assay and 
wound healing assay were performed to examine cell invasion and migration. (G,H) Quantification of F. (I,J) T24 (I) and 5637 (J) were 
transfected with siRNA- 2 against KIF4A. A wound healing assay was performed to examine cell migration. Data are expressed as the 
mean ± SEM. **p < 0.01, ***p < 0.001 versus negative control; n = 3. OE, overexpression.
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suppression of mitochondrial membrane translocation 
of Bax.23 A recent study has shown that KIF4A silencing 
suppresses AKT activation in hepatocellular carcinoma.24 
Therefore, we hypothesized that the AKT pathway might 
be involved in KIF4A silencing- induced Bax upregulation 
in UBC cells. As expected, we found that KIF4A silencing 

inhibited AKT phosphorylation in UBC cells, along with 
Bax upregulation. Thus, KIF4A possibly prevents cell 
apoptosis through AKT activation, which needs to be ver-
ified by AKT inhibition in future studies.

EMT is associated with increased ability of cell migra-
tion and invasion, playing a key role in cancer metastasis.25 

F I G U R E  4  KIF4A regulated the protein level of EMT- related genes and interacted with Yes1 associated transcriptional regulator 1 
(YAP1). (A,B) T24 (A) and 5637 (B) cells were transfected with siRNA- 1 or siRNA- 2 against KIF4A. Western blot analysis was performed to 
determine the protein level of KIF4A, E- cadherin, N- cadherin, vimentin, ITGB1, and β- actin. (C) 5637 cells were transfected with lentiviral 
vectors expressing KIF4A. Western blot analysis was conducted to determine the protein level of KIF4A, E- cadherin, N- cadherin, vimentin, 
ITGB1, AKT, p- AKT, YAP1, p- YAP1, and β- actin. (D) 5637 cells were transfected with lentiviral vectors expressing YAP1 or siRNA against 
YAP1 (siYAP1). Western blot analysis was conducted to determine the protein level of YAP1, KIF4A, TEAD1, β- actin, and GAPDH. (E) 
5637 cells were transfected with siRNA against KIF4A. Immunofluorescence staining was performed to detect YAP1 protein level. (F) 5637 
cells were transfected with lentiviral vectors expressing KIF4A or siRNA against KIF4A as indicated. Western blot analysis was carried out 
to determine the cytoplasmic and nuclear protein level of KIF4A, YAP1, and p- YAP1. β- actin and Histone H3 were used as cytoplasmic and 
nuclear internal references, respectively.
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Acquisition of EMT phenotypes is related to the activation 
of the PI3K/AKT/mTOR pathway.26 However, the asso-
ciation of KIF4A with EMT in UBC remains unclear. In 
this study, overexpression or knockdown of KIF4A altered 
the protein level of EMT markers, suggesting that KIF4A 
could trigger EMT in UBC. In addition, KIF4A can trans-
port ITGB1 in developing axons of cortical neurons.27 Our 
results showed that knockdown of KIF4A suppressed 
protein level of ITGB1, whereas overexpression of KIF4A 
enhanced protein level of ITGB1 in UBC cells. ITGB1 can 
activate the AKT/FAK/YAP pathway during cell apopto-
sis and facilitate EMT.28,29 PI3K/AKT has been shown to 
regulate tumor cell invasion and metastasis by promot-
ing ITGB3 expression.30 These findings, including ours, 
implies the involvement of ITGB1 in the role of KIF4A 
in apoptosis, migration, and invasion of UBC cells and 
further highlights the involvement of AKT and YAP1. 
However, these data need to be verified by loss of function 
analyses. In vivo studies are also required to assess the 
therapeutic potential of targeting KIF4A in UBC.

In conclusion, to the best of our knowledge, this study 
furtherly reported underlying mechanism that KIF4A 
facilitates cell proliferation, migration, and invasion of 
UBC cells and regulates the associated protein level of 
EMT, proliferation, and apoptosis- related proteins, such 
as p- AKT, ITGB1, p- YAP, and YAP1. These results sug-
gest that KIF4A is a promising therapeutic target for UBC 
management.
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